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NTF DESIGN CRITERIA 
FOR 304 STAINLESS STEEL 


GENERAL 

THE DESIGN OF THE PRESSURE SHELL REFLECTED IN THIS REPORT 
SATISFIES THE DESIGN REQUIREMENTS OF THE ASME BOILER AND PRESSURE 
VESSEL CODE, SECTION VIII, DIVISION 1. SINCE DIVISION 1 DOES NOT 
CONTAIN RULES TO COVER ALL DETAILS OF DESIGN, ADDITIONAL ANALYSES 
WERE PERFORMED IN AREAS HAVING COMPLEX CONFIGURATIONS SUCH AS THE 
CONE CYLINDER JUNCTIONS, THE GATE VALVE BULKHEADS, THE BULKHEAD- 
SHELL ATTACHMENTS, THE PLENUM ACCESS DOORS AND REINFORCEMENT 
AREAS, THE ELLIPTICAL CORNER SECTIONS, AND THE FIXED REGION CRING 
S8) OF THE TUNNEL. THE DIVISION 1 DESIGN CALCULATIONS, THE 
ADDITIONAL ANALYSES AND THE CRITERIA FOR EVALUATION OF THE RESULTS 
OF THE ADDITIONAL analyses TO ENSURE COMPLIANCE WITH THE INTENT OF 
DIVISION 1 REQUIREMENTS ARE CONTAINED IN THE TEXT OF THIS REPORT. 
THE DESIGN ANALYSES AND ASSOGIATED CRITERJA CONSIDERED BOTH THE 
OPERATING AND HYDROSTATIC TEST CONDITIONS. 

IN CONJUNCTION WITH THE DESIGN, A DETAILED FATIGUE ANALYSIS OF THE 
PRESSURE SHELL WAS ALSO PERFORMED UTILIZING THE METHODS OF THE 
ASME CODE, SECTION VIII, DIVISION 2. 


MATERIAL 


THE PRESSURE SHELL MATERIAL SHALL BE ASME, SA-240, GRADE 304 FOR 
PLATE AND SA-I8 2, GRADE F3 04 FOR FORGINGS. THE MATERIAL PRCPERTIES AT 
TEMPERATURES EQUAL TO OR BELOW 150° F ARE AS FOLLOWS: 

'■(A> .'-plate:- 

YIELD = 30.0 KSI ■ 

ULTIMATE =75.0 KSI 

CB). WELDS (AUTOMATIC, SEMIAUTOMAT OR "STICK”) 

YIELD - 30. 0 KSI 
ULTIMATE =75.0 KSI 

OPERATING, DESIGN AND TEST CONDITIONS 

THE OPERATING, DESIGN AND TEST CONDITIONS FOR THE TUNNEL PRESSURE 
SHELL AND ASSOCIATED SYSTEMS AND ELEMENTS ARE SUMMARIZED BELOW: 



1. OPERATING MEDIUM 

ANY MIXTURE OF AIR AND NITROGEN 

2. DESIGN TEMPERATURE RANGE 

MINUS 320 DEGREES FAHRENHEIT TO PLUS 150 DEGREES 
FAHRENHEIT, EXCEPT IN THE REGION OF THE PLENUM BULKHEADS 
AND GATE VALVES INSIDE A 23-FOOT, 4-INCH DIAMETER, FOR 
WHICH THE TEMPERATURE RANGE IS MINUS 320 DEGREES 
FAHRENHEIT TO PLUS 200 DEGREES FAHRENHEIT. 

3. PRESSURE RANGE 


OPERATING 
PRESSURE 
RANGE, PSIA 


A. CONDITION I - PLENUM 
ISOLATION GATES OPEN 
AND TUNNEL OPERATING: 

TUNNEL CIRCUIT 8.3 to 130 A. 8 EXTERNAL 

EXCEPT PLENUM B. 119 INTERNAL 

PLENUM (PLENUM PRESS- 3.3 to 130 
URE IS LIMITED TO 
.4 TO 1 TIMES THE ■ 

REMAINDER OF THE 
TUNNEL CIRCUIT 

BULKHEAD 56 (EXTERNAL TO PLENUti 

ISOLATION GATES OPEN 
AND TUNNEL SHUTDOWN: 



ENTIRE TUNNEL CIRCUIT 

CD 

. 

CO 

to 

130 

A. 

B. 

8 EXTERNAL 
119 INTERNAL 


BULKHEAD 



- 

0 


c. 

CONDITION III - PLENUM 
ISOLATION GATES AND 
ACCESS DOORS CLOSED: 







TUNNEL CIRCUIT EXCEPT 
PLENUM 

8 .3 

to 

130 

A. 

B. 

8 EXTERNAL 
119 INTERNAL 


A. 15 EXTERNAL 

B. 119 INTERNAL 


DESIGN 
PRESSURES 
PS ID 


TUNNEL 

CONFIGURATION 




V 


PLENUM (PLENUM OPER- 0 to 130 A. 15 EXTERNAL 

ATING PRESSURE CAN B. 119 INTERNAL 

EXCEED THE PRESSURE 

IN THE REMAINDER OF 

THE TUNNEL CIRCUIT BY 

24 PSI, BUT DOES NOT 

EXCEED THE 130 PSIA 

MAXIMUM OPERATING 

PRESSURE) 

BULKHEAD A. 25 (INTERNAL TO 

PLENUM) 

B. 119 (EXTERNAL TO 
PLENUM) FOR MINUS 
320 DEGREES 
FAHRENHEIT TO 
PLUS 150 DEGREES 
FAHRENHEIT 


*C . 115 . 7 (EXTERNAL TO 
PLENUM) FOR PLUS 
151 DEGREES 
FAHRENHEIT TO PLUS 
200 DEGREES 
FAHRENHEIT 


OPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN. 

CONDITION TV - PLENUM 
ISOLATION GATES closed 
AND ACCESS DOORS OPEN: 


TUNNEL CIRCUIT EXCEPT 8.3 to 130 
PLENUM 


A . 8 EXTERNAL 

B. 119 inter:ial'" 


PLENUM 


14,7 0 


BULKHEAD A. 119 (EXTERNAL TO 

PLENUM) FOR MINUS 
320 DEGREES FAHRENHEIT 
TO PLUS 150 DEGREES ^ 
FAHRENHEIT 

*B. 115.7 (EXTERNAL TO 
PLENUM) FOR PLUS 151 
DEGREES FAHRENHEIT TO PLUS 
200 DEGREES FAHRENHEIT 


*OPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN. 


4. HYDROSTATIC TEST DESIGN CONDITIONS 

THE PRESSURE SHELL WAS DESIGNED FOR HYDROSTATIC TEST IN 
ACCORDANCE WITH THE REQUIREMENTS OF THE ASME CODE, SECTION 
VIII, DIVISION 1. THE TEST PRESSURES SHALL BE AS FOLLOWS: 
PRESSURE SHELL TEMPERATURE SHALL BE EQUAL TO OR BELOW 
1DG°F DURING HYDROSTATIC TESTS. 

CONDITION (1) - MAXIMUM INTERNAL PRESSURE CONDITION ' 

FOR THE ENTIRE TUNNEL CIRCUIT 

PH^ = 1.5 (119) (jf^) + HYDROSTATIC HEAD 

= 183.4 PSI+ HYDROSTATIC HEAD 

, CONDITION (2) - MAXIMUM DIFFERENTIAL PRESSURE CONDITION 

ACROSS THE PLENUM BULKHEADS 

PH^ :r- 1.5 (^4^) C119) + HYDROSTATIC HEAD : 

=^-Xa3.4 + HYDROSTATIC HEAD 

PH^* - 1 .5 (115 .7) (jy^) + HYDROSTATIC HEAD 

-183.4 + HYDROSTATIC HEAD . 

*TUNNEL OPERATION LIMITATIONS PRECLUDE PRESSURE 
.DIFFERENTIALS ACROSS BULKHEADS IN :EXCESS OF. : ^ 

115.7 PSI FOR BULKHEAD AND GATE TEMPERATURES 
IN EXCESS OF ;X50°F. : 

CONDITION (3)/- MAXIMUM REVERSE DIFFERENTIAL PRESSURE 
CONDITIONACROSS THE PLENUM BULKHEADS 

PHg = 1.5 (i|^) (2 5) = 3 8.5 PSI 

THE PRESSURE SHELL EXCEPT FOR THE PLEl^&l SHALL BE 
PRESSURIZED TO 144.9 PSIG. '±THE PLENUM SHALL BE 
PRESSURIZED TO 183.4 PSIG. 

PRESSURE SHELL STRESS r EVALUATION CRITERIA 

THIS CRITERIA ESTABLISHES THE BASIS FOR ANALYSIS AND DESIGN OF THE 
PRESSURE SHELL SO IT WILL MEET OR EXCEED ALL OF THS) REQUIREMEL'TS 
OF SEGTION VIII, DIVISION T OF THE ASME BOILER AND^PRESSURE VESSEL 
CODE AND CAN BE STAMPED WITH A DIVISION 1 "U” STAMP. 

1. SECTION- VIII, DIVISION 1, DIRECT APPLICATION ’ 


CA) THE MAXIMUM ALLOWABLE STRESS (S) 

S = 18.2 KSI C-320OT TO +150°E) 

S = 17.7 KSI C-320°F TO +200°F) 

(B) PRIMARY BENDING PLUS PRIMARY MEMBRANE STRESSES 

THE LOCAL MEMBRANE STRESSES ARE NOT GENERALLY 
CONSIDERED IN SECTION VIII, DIVISION 1 DESIGNS. 
HOWEVER, FOR THE PURPOSE OF DESIGNING LOCAL 
REINFORCEMENT AT BRACKETS j RINGS OR PENETRATIONS NOT 
COVERED BY DESIGN BASED ON STRESS ANALYSIS, THE LOCAL 
SHELL MEMBRANE STRESS SHALL BE: 

Pk + P„ < 1. 5 SE 
D m — 

NOTE: E IS JOINT EFFICIENCY^ ^ 

IN REGIONS OF THE PRESSURE SHELL WHERE DIVISION 1 DOES NOT 
CONTAIN RULES TO COVERALL DETAILS OF DESIGN CREF. 

U-2(g)), ADDITIONAL ANALYSES WERE PERFORMED UTILIZING THE 
GUIDELINES OF THE ASME CODE, SECTION VIII, DIVISION 2, 
APPENDIX 4^ ’’DESIGN BASED ON STRESS ANALYSIS . THE BASIC 
STRESS CRITERIA FOR DIVISION 2 IS REPRESENTED IN FIGURE 
4-130.1 AND RESTATED BELOW INDICATING ANY MODIFICATIONS OR 
EXCESS REQUIREMENTS APPLIED TO IT TO REI^AIN WITHIN THE 
INTENT OF DIVISION 1 AND TO OBTAIN A DIVISION 1 STAMP . 

A. GENERAL PRINCIPAL MEMBRANE STRESS 
MAXIMUM ALLOWABLE STRESS 

S = 18.2 KSI (-320<=F TO +150°F) ^ 

S= 17.7 KSI C-320°F TO +200°F) 

MAXIMUM ALLOWABLE STRESS INTENSITY 

S = 20.0 KSI (-320°F TO +300<^F) 

B. PRirnRY GENERAL MEMBRANE STO INTENSITY 


AND IN ORDER TO COMPLY WITH DIVISION 1, THE MAXIMUM 
PRINCIPAL MEMBRANE STRESS MUST BE: 

P^* < s 

m ■ — ■ ■ ■■ 

NOTE: THE * IS USED TO DENOTE THAT MAXIMUM PRINCIPAL 

STRESSES ARE TO BE COMPUTED FOR THE GIVEN LOADING . 
CONDITION. THE INTENT IS TO DETERMINE THE STRESSES WHICH 
REPRESENT THE HOOP STRESSES AND MERIDIONAL STRESSES WHICH 
ARE THE STRESSES USED IN DIVISION 1 COMPUTATIONS. 


DESIGN LOADS, PRIMARY LOCAL MEMBRANE STRESS INTENSITY 

P, 1.5 S„ 

L — in 

NOTE: LOCAL MEMBRANE STRESS INTENSITY IS DEFINED IN 

ACCORDANCE WITH DIVISION 2, 

APPENDIX 4-112Ci ) . THE TOTAL MERIDIONAL 
LENGTH IS CONSIDERED TO BE 1.0 V“rt'. 

DESIGN LOADS, PRIMARY LOCAL MEMBRANE PLUS PRIMARY 
BENDING STRESS INTENSITY 

P, + P, < 1.5 S^ 

L D — m 


OPERATING LOADS, PRIMARY PLUS SECONDARY STRESS 
INTENSITY 


Pt + Po, + Q < 3 S 


m 


A FATIGUE ANALYSIS WAS CONDUCTED IN ACCORDANCE WITH 
SECTION VIII, DIVISION 2 WITHOUT MODIFIGATION. 

HYDROSTATIC TEST CONDITION DESIGN CONSIDERATIONS 

A. PRESSURE SHELL 

IN AGCORDAiNCZ WITH DIVISION 1 OF THE A SMI CCEZ, 

DESIGN ANALYSIS OF THE PRESSURE SHELL FOR THE 
HYDROSTATIC TEST CONDITION IS NOT REQUIRED . 

HOWEVER, IN ORDER TO PROVIDE A SATISFACTORY 
ENGINEERING DESIGN FOR THE PRESSURE SHELL SPECIAL 
EMPHASIS WAS GIVEN, AS PROMPTED BY NOTE (I) OF 
SECTION VIII, DIVISION 1 OF THE ASHE CODE, TO FLANGES 
OF GASKETED JOINTS OR OTHER APPLICATIONS WHERE SLIGHT 
AMOUNTS OF DISTORTIO.N CAN CAUSE LEAKAGE OR 
MALFUNCTION. EXAMPLES OF THESE AREAS ARE THE PLENUM, 

. PLENUM ACCESS DOORS, PLENUM ACCESS DOOR 

REINFORGEMENT, THE BULKHEADS , AND BULKHEAD FLA:r3ES,- 

B. SUPPORT RINGS , 

DESIGN OF THE PRESSURE SHELL SUPPORT RINGS, INCLUDING 


IX 


THE CORNER RINGS, FOR THE HYDROSTATIC TEST CONDITION, 
complies" WITH THE FOLLOWING: 

(AX '" THE COMBINED VALUE OF THE SHELL CIRCUMFERENTIAL 
PRESSURE STRESS, S^ AND SHELL 

BENDING STRESS S^, RESULTING FROM ACTION OF A 

PORTION OF THE SHELL AS AN 

INNER FLANGE OF THE RING , SHALL NOT EXCEED 0.8 
WELD YIELD STRESS: 

S^ + S^ ^ 0.8 WELD YIELD STRESS, 

WHERE, FOR SUPPORT RINGS NOT ANALYZED BY FINITE 
ELEMENT TECHNIQUES, 

S V = P.T C§) + .6 P„; P^ INCLUDES HYDROSTATIC 
± H 1 n n 

HEAD CORRECTION, AND 


S 2 =: RING bending STRESS, AT INNER FLANGE, BASED 

ON AN EFFECTIVE WIDTH OF THE PRESSURE ^ 
SHELL ACTING AS AN IN::SR FLA-iGS OF THE 
RING OF 1.1 MULTIPLIED 3Y: THE . 

SQUARE ROOT OF DN T. L 

CB) THE BENDING STRESS, ON THE OUTSIDE FiANGE 

SHALL NOT EXCEED .9 WELD YIELD 
stress:. (IN the COMPUTER ANALYSIS .ALL 
LOADING CONDITIONS ARE limited TO 
, _ ,. 9 O^ the OUTER FLANGE. ) A: 

(C) BRACKETS .AND SUPPORT PAD WELDMENTS 

THE DESIGN FOR ALL LOADING CONDITIONS INCLUDIIfG 
THE HYDROST.ATIC TEST CONDITION OF THOSE PORTIONS 
OF BRACKETS AND SUPPORT PAD WELDMENTS WHICH ARE 
ATTACHED TO THE PRESSURE ' SHELL BUT NOT ON THE 
SURFACE OF THE SHELL SHALL COMPLY WITH THE 
REQUIREMENTS OF THE AISC CODE , I . E . MAXIMUM 
STRESS IN TENSION EQUALS .6 S^ , ETC. 



X 



Tha enclosed analytes Is for 9% Ni ^n‘th a 6" Temp-^lat Insulation 
with Internal circumferential "T" rings. The new baseline Ins nlati on 
Is a closed cell niaterial "Rohacell'', with inter©al tabs. The 
"Rohacell'‘insMlatlo:rr reduces the stresses contained herein by a factor 


of 1 . 
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ft. Abstract 

This program is a general heat-transfer program which employs a finite-difference 
method for the solution of temperature histories of one-dimensional, two-dimensional, or 
spherical systems. Options are available for heat input given in tabular form, computed 
■ from a trajectory, or computed from a temperature history given for a specific location. 

The types of heat exchange are: (1) conduction; (2) convection - with (a) given heat input, 

(b) heating due to skin friction with Van Driest equations, (c) stagnation heating with Sibulkin, 
Detra-Kemp-Riddell, and Cohen equations; (3) radiation-out; (4) air -conduction; and (5) joint 
conduction. The system configuration is specified by an arbitrary number of discrete ele- 
ments and their interrelationships . 
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THE TE/^PE/if^URS DI-^TemUTlOfJ u/«jj CALCUlHrEM 
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UPOHTEiS MODEL j SHOWA/ /V E/S-UgE Zj SHO\F>^ 

THE E/fiP^L DmEA/S-fCP/S OF THE SULKHEHb. f\ 
ZO/nPH^SfVh/ VJ/LL SE SHO'HtN lU THE TRHHSJSMT 
FKHM'/SIE, that this CHAh/EE /M JSIMES/Ofl/^ 

DOES mot effect THE TEMPERATURES C?F 
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COEEPICIEHT /S large "£H0O«h‘‘ to d-lFE UHlFOltM 
T£/v,p.BAATOR.e JH THE FlRaJGE HREA . 

THE TEA)PEIi.ATOfi£ LIST RISLTro/l OF THE BUCK HEAL 
IS SHD\^)M JH Ff &VRE H. this HSREEF WHHHJ 
> 5 ' OT FLU! DYNE^S CAlCL/LH-rsh R£SUIT~ SHOH^ 

/.A/ CJ /2. ^ , 
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ARE Hot as ST VC PE AS /AV TRAHSIEAJT SHs£ 
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C,V T/S^/zES )2j IB , hHU VH ■ 
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SMALL CD/nPARBh TO THE /FA/pAS. FLAU&E . 
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p<r shoha! w fkfljres !2j /2j Have a^ ■ 
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£ercf/is Hbat i/p as spate as sTSAny stats 

1>ISTKIBL)TIOaJ W/TH FLPWL. fM/S )AAAS' SMf>lpW 
/V FKsUR£ 3. TM£ pSSM/nPTr^M IS ATA£>B THAT 
THB HEAT Up starts AS SDbM AS THE (i-ATKS 
CLOSEh. 
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RESULltS 


' Te/*7P&?ATUtSiB DJSr^/BOTffy TH£ 

SO /^l/OJJTE H£AT Dp T/AnB /S JA/ 

F/G-LiPS "9. T'HfS ~r£FlP£FATUfiB 0<sD/i.fZS 

FT 30 /^//oures /tlFTER. TF£ - S^TAPT- OF FEAT 
UF . TrtE TBvASEArOJtE SO/FFBFOEFcB AS J-AF(S-£SF 

© AFE Q) ■ (^BT = 3 2Z “f) . 
TH(Sa ’ ~r£FlP£/tArvF£ Dl3;FB!^TfOA/ VJAS /FFOT 
J/0TCA~ TfM- SPFfZ. TO CALC.OLATE 

A) A X >FiD M S' TE ES S EE ( THEpn ^ L AFO pfSETs DAb\ , 

TAB STASSSES AjeE W Ff&UAS JO . 

THE FJAX^ Er/SESS /S ~E/ F-s/ \jJHlc.H t.s, BELO^ 
THE ALLOWASF of EZ,T KSi , /JO IxJ ^ RE FDfJ THE 

TBrrpERATDRE PPDFRAH FOR. A FEAT UP TfOlE OF 
4- HOURS. THf^ TEHAERFrUfiE OJETRlBUr/onJ WM/cH ' 
(j-li/BS /TiFKI/nO/H G-RAblEHT IS SHOHf-} /U F/F-DRE 
11. THE PBAKIMOP) OR.Fh\EfOr FOR. THIS CASE 
OCCURS SET^SEM ELEP^EAJTS © ARb TH/S 

CASS RJAS /HHDT wro the spar. PEOSPAI^l 
Also n,IVlA/(F HA/ HCC-EPTHBlE STRESS RALL/f 
or -4F KSi . THE STRESS DISTFJ BUTIOaJ EOF 
the this THFRmAL CASE A /JO //“? PSi<S- 

PRSSSEAs IS SHDioH hJ fish res 12 , IZ ARO 

I 4 -. 

THE EFFECTS OF THE CHARGE /V TH/CKLH ESSES 
OF THE EDSMHEAJi iRERE CHEC/CEb S'/ R£~ 

RURR/RtS- the TRARS/ERT heat T EARS FEE 
P^OSPJ\H\ . THESE TH /C/UESS ES AI^E SHC><P.R 
/aI FKS-UEE 2. THE TE/HPERATURE.S SHDOJ/J 
HO FfEUAE JE ARE HLF)QST E/fiUAL TO THOSE 
SHOiRR JR F/EUEE li . 
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TliERMAI, lUJCKI.lNC OF ISOTKOPIC CJnCULAR CYIJNDmCAL 

SHi:Lii5; FJTincR edcr: cij\mped or simply supported 


o 




NOTATION 

A 

E 

V 

L 


My. 


(“ylv ('"=^)a 


P 

Pa 

R . 


= Area of cross ecclion taken normal to the axis of revolution, in^. 

= Young's modulus, psi. 

= Area moments of inertia taken about the y and z axes, respectively, 
in'*. • 

*= Overall length of the cylinder, in. 

= Running bending moment about middle surface of shell wail 


in-lb 


t 

w 

X, y, z 
a 


(see Figure 2), -r^ 

= Overall bending moments about the y and z axes, respectively 
(sec Figure 2), in-lb. 

= Artificial values for My and M^,. respectively [see Equalicr.i> (7)j, 

In-lb. 

= Artificial values for M^ and M^, respectively [sec Equations (S)], 

In-lb. 

= Axial force (see Figure 1), lb. 

= Artificial value for P [see Eejuations (H)], lo. 
e Artificial value for P [see Equations (9)], lb. 

r 

s Radius of cylinder middle surface, in. 

< 

= Temperature change from that of an initial unstressed stale or 
reference temperature (positive for a temperature rise), *F. 

= Thicknecs of shell wall. In. 
c Radial deflection of shell wall. In. 
e Rectangular Cartesian coordinates (see Figure 1), in. 
e Coefficient of linear thcmial expansion, — 


(in)C' F) 


Zi/7 
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notation *. 

y 

V 




D 


r?) 


B 




(''x)cr 


*= KoocU-down factor (bcc Figure 3), dlmcnclonlcBO, 

*= PolGRon'8 ratio, dlmcnolonlcss. • 

*= Artificial axial streos defined by Equation (5), pel. 

= Axial strccses due to the artificial bending momento (^V)b ““ 
(Mz)j^. respectively, pal. 

s= Axial stress due to the artificial force Pj^, psl. 

= Axial stress, poi. 

= Peak value for a^, psl. 

= Critical axial stress for bidding of tiie cylinder, p.sl. 

= Angular coordinate (see Figure 1), radians. 


Note: All stresses are positive In tension, 
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CONriCllRATlON 

The design curves and equations j^rovldcd here apply only to tliin-walled, right circular 
cylinders which satisfy the relationship 



and arc made of isotropic material. It is assumed that the shell wall ic free of holes, 
obeys Hooke's law, and that it is of constant thiclmess. Figure 1 depicts tiie isotroj)ic 
cylindrical shell configuration. Figure 2 shows the sign convention for forces, moments, 
and pressures. 

BOLT.’DARV CONDITIONS 


The following t>’pcs of boundary conditions are covered; 
a. Simply supported edge; that is. 


w = =0 at X = 0 and/or x = L (2) 

b, Claniped edge; that is, . ' 

w = ^ =.0 at X = 0 and/or x = L (3) 

ox 

It is not required tliat the conditions at the two ends be the same. In every ease, it is 
assamed that Uie cylinder (including any end rings) is not subjected to external axial 
constraints at any location around the boundaries at x = 0 and x = L. 

TEMPFRATURE Dir/rniBTJTIOM 



The supposition is made that no ihermai gradients exist through the wall thiclT.css and 
in the axial direction. However, ai-bitrarj’ circumferential variations may be present. 
The permicsiblc distributions can therefore be expressed In the form . 

T = T(«) (“I) 


I 


25D 
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Figure 1. Isotropic Cylindrical Shell CoPiflguratloa 



Figure 2. Slfpi Convention for Forces, 
Momcntii, and Presoure 

p/ge is- 

orjAj.rr/ . 
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^ioop mcinbrnnc compression may develop In regions adjacent to the two ends due to 
cxlci*nal j-adial eonstraint. However, the buckling mode aBCOclatcd with lid.'; eondilion 
is not considered. Because of llv's and the lack of external axial constraints, U)c 
special case of a uniform temperature Is of no interest here. 

DESIGN CUnVKS AND EQUATIONS 

It is assumed that Vouiig's modulus and Poisson's ratio are unaffected by temperature 
changes. Hence, in using the contents of this TSN, the user must select effective 
values for each of these properties by applying engineering judgement. It will some- 
times be desirable to employ different effective m.oduli in each of the following opera- 
tions: 

a. Computation of the stresses cr^ present in the cylinder. 

b. Computation of the critical buckling stress * 

On the otlier hand, the r ‘Sults arc pre.scnted in a form which enables the user to fully 
account for tcm.pcraturc-depcndcncc of the thcimal-cxpansion coefficient G . 

The aprropriate formulation for can be obtained by first imposing a fictilicus stress 
distribution around the boundaries at x = 0 and x=L such that all axial Lhcimal 
deformations arc entirely suppressed. It follows that 

a =-aET(C5) - ■ ‘ (5) 

.A 

These stresses may be integrated around the circumference and through the wall 
thickness to arrive at the force 


•P^ = -Etn y* aT(;J)d0’ 
o 


and the moments 




(My)A = -ER^ / aT(0) oin Cd0 




V,' 


..rSN 5. 3.0- 1 
I»n|;c C of 10 


( 7 ) 

(Contd) 


Since It Is assumed that the shell Is free of external axial constraints, the conditions 

P = M„ = M = 0 (8) 

y z 

must be satisfied at x = 0 and x=L. To restore the shell to such a state. It Is necessary 

to supcriuipose a force equal and opposite to as well as moments 

(m^)^ which are equal and opposite to lienee, 

Nb--Na W 


The stress corresponding to 

Pjj Is easily found to be 


2tt 


- ® ^ 
(^p)b “ A ■ 2rRt 

w|S 

II 

aT(0)d0 


0 


The stresses due to (^*lyj^ 


z 

(MvI z 

„ ^ 2fr 

\ y/B 

• rr — « 

\ 3/n 

Eslr0 f 

( y 


■ J 

0 


ctT(^) sin Cdi> 


And those due 


C< 


to 

. (^4 5 ' 


E cos 0 


ITR^t 


“ 


T(0)cos 0d0 


The procedure being used conotltutco an application of SaJnt-Vcnant'o principle. 

Hence, the slrcnnes from Equations (10) througli (12) will be accurate reprcGcntaLIons 
f>nly at sufficient distances from the ends x~0 and x=L. If end rings arc prc.scnt, 

ZGZ 
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Ihc prcatcr Ihclr rcblblancc to out-cf-planc bending, the shorter will be lids dlclnncc, 
Subject to these conditions, the actual longitudinal thennal stresses nt various points 
in the shell may be computed from the relationship 


O = (Ta + /C7-\ lO- \ /(7- \ 


(13) 


'D 


or. 


2tr 


= -aET(^) ^ ^ r QrT(C>)d0 + f ctT(C)sln 

X ^ J 


2tr 




2tt 

E eos® r 

4~ — j aT(v)cosC>dC 

o 


(14) 


Complex distributions may be encountered which make it difficult to per’form. the re- 
quired integrations. In such instances, use can be made of numerical techniques 
whereby the integral signs arc replaced by suiTimation symbols. 

To investigate the stability of a particular shell, the m.'ijumuin longitudinal stress 

(a..] must be compared against the critical value v.hich can be obtained from the 
' ^/Max 

formula 


(''x)cr 


= y 


Et 


R\^3(l-t^) 

For the design to be satisfactory, it is required that 


(15) 


(^^)mslx (^^)cr 


^ i 


(IG) 


The Quamic>' y appearing above is a so-called lucck-down factor wlilch mainly accoimts 
for the detrimental effects from initial impcrfcctionn. Note that Equation (15) is iden- 
tical to that used for unlfoi*mly compresned circular, cylindrical shells. Its applica- 
tion to the prcBcnt’problcm is justified on the basis of small-deflection studies reported 
In Rcfe»'cncc8 1 and 2. From the results given in these references, It can be conclutlc<l 
that, rcgardlcoo of (he nature of the eircumfercnllal sirens distribution, classical 


S' S- -s 
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Ihcorclicnl InBlablllty lo reached when the peak n>dnl coini)renQlvo otrcoo oatluflcs 
the expreflBlon • ' 


('’x) 


El 


Max 


R 


V3(l -1^2 


(17) 


In view of this, the values used here for y were determined from the 0D7j probability 
(confidence = 0.05) data for uniformly compressed cylinders as reported in Reference 
3. ^The rcsultinfj y values are plotted in Figure 2 for ^ ratios of 0. 25, 1. 0, and 4 . 0. 

SUMMARY OF EQUATION’S AND CURVES 


a = 

X 


_ 2T7 

-aET(CS) + ^ /■ aT(5)dS + 

2tt y n 

o 


I “ 


T {t) sin ^ d^5 


E COB 0 


2n 


OB 0 r 

— j “ 


T (0) 


( 18 ) 




Et 


rV3(1-1^2j 

WOicn V = 0.3 this gives 

The knock-do\',’n factor y is obtained from Figure 3, 


(19) 


( 20 ) 
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